Introduction {#sec1-1}
============

Groin pain is an ambiguous clinical entity ([@ref1]-[@ref5]). The topic itself is still debated, with great lack of consent especially regarding the classification and therapeutic approach ([@ref6],[@ref7]). Because of multiple definitions that are reported in literature (mostly improperly used) a terminological clarification seems to be necessary.

Groin pain is defined as an algic sensation in the groin area, which can underlie different pathologies, not necessarily musculoskeletal-related and sometimes in association ([@ref8]). The pain is usually unilateral and localized to the pubic tubercle or to the medial compartment of the thigh, eventually irradiated to the adductor or abdominal muscles, to the pelvic floor and the genital area thus making the diagnostic process very difficult ([@ref8]-[@ref10]).

The rectus-adductor syndrome is one of the major causes of groin pain and it can be defined as the insertional tendinopathy of rectus abdominis and/or the adductors of the thigh and eventually associated with pubic osteoartropathy ([@ref8]). The syndrome is typical of male athletes between 20 and 30 years of age which are involved in high intensity team sport, such as soccer, hockey, basketball and football ([@ref9],[@ref11],[@ref12]). It is reported to have an incidence between 2,5-3% of all the sport related pathologies ([@ref13],[@ref14]). The etiopathogenesis seems to be linked both to the imbalanced contraction of the two main dynamic stabilizers of the anterior pelvic area - the so-called muscle imbalance syndrome of the groin - and microtraumas associated to functional overuse of the same muscles: the rectus abdominis and the adductors of the thigh ([@ref15]-[@ref19]). Besides, the adductor longus is reported as the most frequent site of injury in several articles ([@ref20]-[@ref22]) which highlighted that the susceptibility of this muscle to injury can be traced to his peculiar anatomy and vascular supply from the deep femoris artery. Taking into account the systematic video analysis conducted by Serner et al. ([@ref23]) on a series of acute adductor longus injuries in soccer players, most of them were non-contact, and extremely heterogeneous in term of pathogenesis, including both close and open chain actions such as change of direction, kicking, reaching the ball and jumping. According to the authors, the fast activation of the adductor longus in occasion of muscle lengthening seems to be a major mechanism of injury.

The recent work by Schilders et al. ([@ref24]) proposed an alternative anatomic concept, trough the demonstration of a direct connection between pyramidalis and adductor longus muscle, renamed by the authors "pyramidalis-anterior pubic ligament-adductor longus complex". The systematic dissection of 7 male cadavers showed that the rectus abdominis is not attached to the adductor longus, reducing its role in acute adductor longus injury. These findings may have future implication into the diagnostic and therapeutic management of the adductor longus acute strain.

Although frequently reported in literature, Sports Hernia and Athletic Pubalgia are both two misleading terms ([@ref6],[@ref25],[@ref26]).

Sports Hernia (or Sportman's Hernia) is referred to an occult hernia caused by weakness or tear of the posterior inguinal wall leading to groin pain in occasion of training and competition, not interfering with every day life ([@ref25]).

Athletic Pubalgia is an extremely generic term that interests multiple pattern of injury such as the deficiency of the posterior abdominal wall/inguinal floor (Sports Hernia), the rectus tendon /rectus-adductor aponeurosis complex strain or tear and the inguinal and/or genital neuropathies ([@ref9]).

Several authors proposed to move away from the use of both these terms, since their lack of specificity about the underling pathology and the anatomical site of injury: a new standardized and more organ-specific classification seems to be needed ([@ref6],[@ref15]).

A deep effort to set up an unified classification system for groin pain was taken in the "Doha agreement meeting on terminology and definition in groin pain in athletes" with the proposal of a new classification focused on the anatomical site of injury and clinical findings ([@ref6]).

Following this statement, the rectus adductor syndrome seems to be more properly included in the ARGP group since the major involvement of the adductors of the thigh with pain and tenderness.

The diagnostic process is based on an accurate history-taking, the clinical evaluation and instrumental investigations, which allow the morphological description of the injury ([@ref26]-[@ref27]).

The Italian Consensus, suggested to use a group of specific tests for adductor, abdominal wall muscle and hip joint in order to evaluate the tenderness of the involved structures ([@ref28],[@ref29]).

The instrumental investigation mainly relies on conventional radiography, ultrasonography and MRI which is considered the gold standard exam for soft tissue evaluation and it allows to detect the presence of peculiar markers ([@ref30]-[@ref32]).

The therapeutic management of ARGP is challenging and it is usually conservative at first. It requires a multidisciplinary approach including rest, physical exercise, shock wave therapy, nonsteroidal anti-inflammatory drugs and platelet rich plasma eco-guided injections, eventually in association ([@ref26],[@ref33]-[@ref35]).

In case of failure of conservative management and significant limitation of the athletic performance, surgery may be considered ([@ref9]). It usually consists of adductor tenotomy and/or reinforcement of the posterior wall of the inguinal canal; many techniques are described in literature ([@ref36]-[@ref52]).

Postoperative rehabilitation needs to be gradually progressive and focused on muscle strengthening, balance and flexibility ([@ref9]).

The aim of this study was to define what is the best treatment between surgical and conservative in athletes affected by groin pain and in particular ARGP syndrome in terms of healing and return to play (RTP) time.

Materials and methods {#sec1-2}
=====================

In order to compare RTP time between surgical and conservative interventions in the treatment of ARGP syndrome in athletes, a selective systematic review of the literature was performed using PubMed, Embase, Scopus, Web of Science, Cochrane Library, Google Scholar and CINHAL searching for specific articles. All mentioned databases were screened up to 30^th^ April 2019.

The PRISMA ([@ref53]) statement was followed for this systematic review and meta-analysis.

The following list summarized the applied PICOS criteria for inclusion and exclusion of studies both in the systematic review and meta-analysis.

P (Population): Athletes with groin pain;

I (Intervention): All types of conservative or surgical intervention on adductor muscles;

C (Comparison): All types of control/comparison, even no control/comparison;

O (Outcomes): RTP time;

S (Study design): Randomized controlled trials (RCT), non-randomized clinical trials and prospective cohort studies.

After searching electronic databases, 7607 articles were identified and collected. When duplicates were removed, 3163 articles remained for the screening process. After an evaluation based on the assessment of their contents, 3152 articles were excluded. Then, only 12 articles underwent full-text screening and 2 of them were excluded because of no RTP time was reported. Finally, 10 articles were included both in the qualitative and quantitative synthesis ([Figure 1](#F1){ref-type="fig"}).

Results were screened by three authors (PG, PB, ML). Data were manually extracted by a single investigator (PG) from included articles and then summarized in [table 1](#T1){ref-type="table"}.

The quality of the included randomized controlled trials (RCT) was assessed following the JADAD score dedicated tools ([@ref54]). The quality of the included non-randomized trials was assessed following the criteria of the NIH dedicated tools ([@ref55]). Due to high heterogeneity of the included studies, raw means of surgery and conservative treatment groups were pooled separately. When mean standard deviations (SD) were not reported, they were estimated from reported or standard errors with proper statistical tools ([@ref56]-[@ref57]). When only sample medians, as well as minimum and maximum values, first and third quartiles were available, sample means and standard deviations were calculated with validated formulas accepting the assumption that the original data distribution was normal in order to maximize retrievable data and minimize publication bias ([@ref58]). Considering high heterogeneity of included studies, a random-effect model was adopted to better estimate overall size effects.

Only 10 out 7607 articles screened were included in the systematic review. Data collected were summarized in table 2 and discussed to obtain a qualitative synthesis. An exploratory meta-analysis was carried out using Rstudio software (V.1.2.1335) as a semi-quantitative analysis. Included studies were heterogeneous in terms of design, population, intervention and comparison, so it was necessary to consider the different groups of interventions as separated observational prospective studies, in order to achieve the best possible homogeneity. Two meta-analysis for surgical treatment and conservative treatment were then performed.

I2 was used as a measure of consistency. I2 values of 25%, 50%, and 75% were interpreted as representing small, moderate and high levels of heterogeneity.

![PRISMA flowchart of the systematic review and meta-analysis](ACTA-90-14-g001){#F1}

###### 

Characteristics of studies included in the systematic review

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First Author and date        Study design   Number of patients, sex   Sport                 Intervention                                                                                                                                                                                                                                                                          Group 1                 Group 2                           RTPt (weeks)           Authors' conclusions   JS
  ---------------------------- -------------- ------------------------- --------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------- --------------------------------- ---------------------- ---------------------- ----
  1\) Holmich et al. 1999      RCT            68 M                      Soccer 54 NR 14       1\) Holmich Protocol. 3 times per week for 8-12 weeks. Patients were allowed to ride a bicycle. After the first 6 weeks of treatment patients were allowed to jog in running shoes on a flat surface so long as it did not provoke groin pain.\                                       Intervention 1 30/34    Intervention 2 29/34              23/30 18,5 4/29 18,5   Y                      3
                                                                                              2)Laser treatment with gallium aluminium arsen laser 1'. Stretching of adductor muscles, hamstring muscles, and hip flexors. 30'' per muscle, 3 times. Transcutaneous electrical nerve stimulation for 30 min at painful area.                                                                                                                                                                

  Weir et al 2011              RCT            53 M                      Soccer 37\            1\) Holmich Protocol. 3 times per week for at least 8 weeks. During the first six weeks only cycling was allowed. At six weeks the return to running program was started.\                                                                                                            Intervention 1 22/25    Intervention 2 26/29              12/22 17.3±4.4\        N                      2
                                                                        Rugby 3\              2) Heat with paraffin packs for 10', manual therapy. Slow jogging or cycling for 5'. Stretches of the adductors of both legs for 30''. Warm bath for 10'. After 14 days of stretching if no pain or discomfort was felt, same return to running program as in group1 was performed.                                                             13/26 12.8±6                                  
                                                                        Running 3\                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                        Hockey 3\                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                        Speed skating 2\                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                        Squash 2\                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                        Tennis 1\                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                        Basketball 1\                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                        Handball 1\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Track-and-fiel1                                                                                                                                                                                                                                                                                                                                                                                                     

  Dojcinovic et al. 2012       NRS            99 M                      Soccer 79\            1\) Shouldice technique, ilioinguinal nerve neurolisys and resection of the genital branch of genitofemoral nerve.\                                                                                                                                                                   Intervention 1 70/99    Intervention 1+2 29/99            24/29 13,4 (12-16)\    U                      5
                                                                        NR 20                 2) Complete bilateral adductor longus tenotomy.                                                                                                                                                                                                                                                                                                 5/29 11,6 (10-15)\                            
                                                                                                                                                                                                                                                                                                                                                                                                                                              70/99 4.23 (3-16)                             

  Gore et al. 2018             NRS            64 M                      Soccer 6\             3-level rehabilitation program focused on inter-segmental control.                                                                                                                                                                                                                    Intervento 64/64        Controllo: 50 M non infortunati   64/64 9,14 5.14-29.0   U                      6
                                                                        Gaelic\                                                                                                                                                                                                                                                                                                                                                                                                             
                                                                        Football46\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Hurling 7\                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                        Rugby 5\                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                        NR 1                                                                                                                                                                                                                                                                                                                                                                                                                

  Harr et al. 2017             NRS            20 M 2F                   NR 7\                 Suture herniorrhaphy with adductor longus tenotomy.                                                                                                                                                                                                                                   Intervention 22/22                                        22/22 6-8              Y                      4
                                                                        Running 7\                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                        Lacrosse 3\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Football 1\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Baseball 1\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Triathlon 1\                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                        Track-and- field 1\                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                        Horse riding 1                                                                                                                                                                                                                                                                                                                                                                                                      

  King et al. 2016             NRS            205 M                     Gaelic football\      3-level rehabilitation program focused on inter-segmental control.                                                                                                                                                                                                                    Intervento 163/205                                        150/163\               Y                      7
                                                                        131\                                                                                                                                                                                                                                                                                                                                                                  9.9±3.4                                       
                                                                        Hurling 29\                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                        Soccer 25\                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                        Rugby 15\                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                        Hockey 5                                                                                                                                                                                                                                                                                                                                                                                                            

  Sebecic et al. 2014          NRS            113 M\                    Soccer 91\            1\) Modified Shouldice technique, ilioinguinal nerve neurolisys and resection of the genital branch of genitofemoral nerve.\                                                                                                                                                          Intervention 1 83/114   Intervention 1+2 31/114           81/83 4,4 (3-16)\      Y                      3
                                              1 F                       NR 23                 2) Bilateral adductor longus tenotomy.                                                                                                                                                                                                                                                                                                          31/31 11,8 (10-15)                            

  Van der Donckt et al. 2003   NRS            41 M                      Soccer 35\            1\) Bassini's hernial repair with unilateral percutaneous adductor longus tenotomy.\                                                                                                                                                                                                  Intervention 1 27/41    Intervention 2 14/41              41/41 27,6 (24-60)     Y                      5
                                                                        Running 3\            2) Bassini's hernial repair with bilateral percutaneous adductor longus tenotomy.                                                                                                                                                                                                                                                                                                             
                                                                        Basketball 1\                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                        Ciclyng 1\                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                        Refereeing 1                                                                                                                                                                                                                                                                                                                                                                                                        

  Yousefzadeh et al. 2018      NRS            17 M                      NR 17                 Holmich protocol. 3 times per week for 8-12 weeks. Patients were allowed to ride a bicycle. After the first 6 weeks of treatment patients were allowed to jog in running shoes on a flat surface so long as it did not provoke groin pain.                                            Intervention 14/17                                        11/14 14.2 (10-20)     Y                      8

  Yousefzadeh et al. 2018      NRS            18 M                      NR18                  Modified Holmich protocol, focused on "core stability", "elastiband". Stadardized running programm for 10 weeks.                                                                                                                                                                      Intervention 15/18                                        13/15\                 Y                      8
                                                                                                                                                                                                                                                                                                                                                                                                                                              12.06±3.41                                    
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviation: RTPt: return to play time; JS: Jadad Score; NR: not reported; RCT: randomized controlled trial; NRS: non randomized trial; M: male; F: female; Y: intervention is effective; N: intervention is not effective; U: it is unclear whether intervention is effective or not

Results {#sec1-3}
=======

Of the reviewed studies 2 were RCTs and 8 were NRSs. Among the NRSs, 2 were clinical trials and 6 were prospective.

The total number of athletes included was 703. Of these, 4 (0.56%) were female ([@ref30],[@ref60],[@ref1]) and the remaining 699 (99.44%) male.

The basic pathology was called "athletic groin pain/athletic pubalgia" in 3 studies ([@ref62]-[@ref64]) and in 4 "adductor-related groin pain". Dojcinovic et al. ([@ref37]), Harr et al. ([@ref30]) and Sebecic et al. ([@ref1]), referred to the pathology as sports hernia and/or adductory tendinopathy. In particular in the study by Harr et al. ([@ref30]) reference was made to the aetiological sharing of the rectus abdominis muscle.

The most practiced sport was football (327 athletes-46.5%), followed by Gaelic football (177-25.17%), hurling (36-5.12%), rugby (23-3.27%), the race (13-1.84%), hockey (8-1.13%) and lacrosse (3-0.42%). Ice speed skating, athletics, squash and basketball accounted for 0.28% each. Other sports (baseball, cycling, horseback riding, football, handball, tennis, triathlon and refereeing) together made up 1.13%. For 100 athletes (14.22%) the sport practiced was not specified.

Two-hundred and seventy-six athletes underwent surgery and 274 (99.01%) returned to sport. Three-hundred and sixty-five athletes completed a conservative treatment program. Two-hundred and ninety-one (79.72%) returned to sporting practice. Sixty-two athletes (8.81%), whose totality belongs to the conservative treatment group, were excluded from the studies ([Figure 2](#F2){ref-type="fig"}).

In 4 studies ([@ref30],[@ref1],[@ref37],[@ref62]) the treatment was surgical. In all 4, in at least one intervention group, the adductor tenotomy was performed along with an abdominal wall repair technique. In 2 reports ([@ref1],[@ref37]) the abdominal wall repair technique was performed exclusively in an intervention group. No tenotomy of the long isolated adductor alone was performed in any study.

The approach to tenotomy was open in 3 studies and percutaneous in one ([@ref62]). The tenotomy was bilateral in 3 reports ([@ref1],[@ref37],[@ref62]), unilateral in one ([@ref62]) and in one ([@ref30]) it was not specified.

The tenotomy was complete in 2 studies ([@ref1],[@ref37]), partial in one ([@ref30]) and in one ([@ref62]) it was not specified.

Abdominal wall repair was performed with an open approach and without the use of mesh in all studies. The techniques used were hernioplasty according to Bassini simple or modified ([@ref63]), or according to Shouldice ([@ref1],[@ref37]) and the herniorrhaphy with suture of the defects of the external oblique and of the joint tendon fascia, previously released, with the ileopubic tract ([@ref30]).

In two studies ([@ref1],[@ref37]) neurolysis of the ileoinguinal nerve and resection of the genital branch of the genitofemoral nerve was associated.

Treatment was conservative in 6 studies. In all of these, in at least one intervention group, a training protocol was applied: in 3 Holmich protocol ([@ref35],[@ref60]) and in the study by Yousefzadeh et al. ([@ref61]) a variant thereof were done. In two reports, a training program focused on intersegmental control was planned ([@ref63],[@ref64]).

Weir et al. ([@ref33]) also added a standardized running program to the original Holmich protocol. This program was organized in 3 levels: slow travel, straight line shots and changes of direction.

The training program performed by Gore et al. ([@ref63]) and by King et al. ([@ref64]) was also divided into three levels. The first level included exercises of strength and intersegmental control. The linear stroke rehabilitation followed. The last level included exercises with changes of direction and the reacquisition of the ability to shoot at maximum intensity.

In 2 studies (59,[@ref60]) a multimodal rehabilitation approach not focused on active exercise was evaluated in an intervention group.

Exercise protocols were supervised by physiotherapists in 3 cases (59,[@ref61],[@ref62]). In 2 articles ([@ref60],[@ref64]) there was no supervision during the training program and in one ([@ref65]) it was not specified.

Referring to the conclusions, in 7 reports ([@ref30],[@ref33],[@ref35],[@ref62],[@ref64]) the respective authors considered the intervention effective, in 2 ([@ref37],[@ref63]) the judgment was not clear and in one ([@ref60]) the intervention was not considered effective.

The analyzed studies were characterized by high heterogeneity. It was therefore decided to perform a meta-analysis of proportions with the raw averages of the RTP time isolating the groups investigating the surgical or conservative treatment for the adductory component only between RCT and NRS. This allowed the semi-quantitative evaluation of the two approaches to assess which would guarantee shorter timescales for the return to competitive activity.

It's interesting to note, as two ([@ref62],[@ref64]) among the mentioned studies, constituted the outliers of quantitative analysis so they were excluded.

From the meta-analysis of the studies investigating a conservative treatment a RTP average time of 14,91 weeks was observed(CI 95%, 13.05,16.76, p\<0.0001, I\^2 = 77%) ([Figure 3](#F3){ref-type="fig"}).

Referring to surgical treatment the result showed a RTP average time of 11,23 weeks (CI 95%, 8.18,14.28, p\<0.0001, I\^2=99%) ([Figure 4](#F4){ref-type="fig"}).

The qualitative synthesis seemed to highlight a more frequent return to sporting activity in subjects undergoing surgical treatment. However it was good to reduce the appropriateness and outcome of intervention considering that in 3 articles ([@ref62]-[@ref64]) the precise aetiology of "athletic groin pain" was not specified.

Quantitative synthesis suggested the superiority of surgical treatment over conservative in ensuring a faster return to sporting activity. The average RTP time of surgery was 11.23 weeks, compared to 14.9 weeks of conservative treatment.

![Graphic referred to intervention, return to sport and therapeutic failure of surgical and conservative treatment in the study population.](ACTA-90-14-g002){#F2}

![Forest plot referred to the meta-analysis about mean RTP time (in weeks) after surgery. Description: groups of intervention are reported in columns with author first name. Means and standard deviations are reported in columns and a random-effect model was adopted to better estimate overall size effects](ACTA-90-14-g003){#F3}

![Forest plot referred to the meta-analysis about mean RTP time (in weeks) for conservative treatment. Description: groups of intervention are reported in columns with author first name. Means and standard deviations are reported in columns and a random-effect model was adopted to better estimate overall size effects.](ACTA-90-14-g004){#F4}

Discussion and conclusions {#sec1-4}
==========================

Hip and pelvic lesions which determine groin pain are not infrequent and are often a challenge to manage, even for the most expert physicians.

Groin pain is the term commonly used to identify painful symptoms of the pubis and of the anterior pelvis, with possible irradiation towards the adductor, abdominal muscles and crural arches. These symptoms cannot be considered a pathology; it would be more correct to speak of "groin pain related syndromes", that too often are simplistically and erroneously labelled "generic pubalgia". In literature there is not a definitive accordance on approach for groin pain, which is universally recognized, thus increasing misdiagnosis and incorrect treatments. This is confirmed in this review in which only few (n=10) reports have the characteristics of valid scientific studies.

Consequently, also in recent years many athletes, both professional and non-professional, have had to interrupt their career or sporting activity prematurely for an imprecise pain to the groin or pubis which was not adequately diagnosed and treated. In the past it was very frequent to encounter these symptoms in high-level athletes at the end of their career; now, however, athletes of all ages, even adolescents, are being affected.

The rectus-adductor syndrome is one of the major causes of groin pain and it can be considered an insertional tendinopathy of rectus abdominis and/or the adductors of the thigh, more or less associated with pubic osteoarthropathy. Recently, Doha agreement meeting highlighted that the adductor longus is the most frequent site of injury so that this syndrome can be fitted into the ARGP group.

Nevertheless, the diagnosis is difficult and it remains a complex clinical reality. The debate involves every area of pathology, including anatomy. The difficulty in approaching this pathology depends also on the etymological discrepancies between the Italian ([@ref28],[@ref29]) and Anglo-Saxon languages ([@ref65]) therefore it is necessary a more universally shared nomenclature.

Literature is not clear also on its correct treatment in relation with RTP time.

Comparing the results of intervention of the proposed meta-analysis, it seems that surgery allows shorter time to return to sport activity than conservative treatment in athletes with ARGP syndrome. However, the strong heterogeneity of the available studies and the lack of dedicated RCTs make it impossible to draw definitive conclusions. This data must therefore be considered as suggestive of a potential superiority, which would deserve to be studied directly through quality RCTs.

Conflict of interest: {#sec1-5}
=====================

Each author declares that he or she has no commercial associations (e.g. consultancies, stock ownership, equity interest, patent/licensing arrangement etc.) that might pose a conflict of interest in connection with the submitted article
